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© Overcoat for dye image-receiving layer used in thermal dye transfer. 



© A dye-receiving element for thermal dye transfer comprises a support having thereon a dye image-receiving 
layer, such as a polycarbonate, coated with an overcoat layer comprising a condensation polymer comprising 

Cjl recurring units of a linear chain having at least four carbon atoms, such as a polyester or a polyurethane. the 

^overcoat layer having a Tg of at least 40* C less than the Tg of the dye image-receiving layer. 

Ifj Use of the overcoat layer of the invention helps to destratify the dye and improves stability of the transferred 

OOciyes to light. 
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OVERCOAT FOR DYE IMAGE^RECEIVf NG LAYER USED IN THERMAL OYE TRANSFER 



This invention relates to dye-receiving elements used in thermal dye transfer, and more particularly to 
the use of an overcoat layer on a dye image*receiving layer to improve stability of the transferred dyes to 
light 

In recent years, thermal transfer systems have been developed to obtain prints from pictures which 
5 have been generated electronicaJly from a color video camera* According to one way of obtaining such 
prints, an electronic picture is first subjected to color separation by color filters. The respective color- 
separated images are then converted into electrical signals. These signals are then operated on to produce 
cyan, magenta and yellow electrical signals. These signals are then transmitted to a thermal printer. To 
obtain the print a cyan, magenta or yellow dye-donor element is placed face-to-face with a dye-receiving 
10 element The two are then inserted between a thermal printing head and a platen roller. A line-type thermal 
printing head is used to apply heat from the back of the dye-donor sheet The thermal printing head has 
many heating elements and is heated up sequentially In response to the cyan, magenta and yellow signals. 
The process is then repeated for the other two colors. A color hard copy is thus obtained which 
corresponds to the original picture viewed on a screen. Further details of this process and an apparatus for 
75 carrying it out are contained in U.S. Patent No. 4.621 ,271 by Srownstein entitled "Apparatus and Method for 
Controlling A Thermal Printer Apparatus, " issued November 4, 1986. 

in Japanese laid open publication number 19,138/85, an image-receiving element for thermal dye 
transfer printing is disclosed. The dye image-receiving layer disclosed comprises a polycarbonate contain- 
ing a plasticizer. 

20 U.S. Patent 4,695,286 of Vanier and Lum, issued September 22, 1987. relates to dye-receiving 
elements for thermal dye transfer having a high molecular weight polycarbonate dye image-receiving layer. 

While polycarbonate is a desirable material for a dye image-receiving layer because of its effective dye 
compatibility and receptivity, a problem has developed with the dyes transferred to a polycarbonate 
receiving layer rn that the dyes tend to fade upon exposure to light One of the reasons for this is that the 

25 dyes appear to be concentrated near the surface and are thus more susceptible to degradation. While 
thermal fusing of the transferred dyes helps to improve the light stability problem, that technique cannot be 
used at a very high temperature when the receiver support is paper, since the fusing temperature tends to 
form blisters of trapped water vapor. 

It is an object of this invention to provide a dye-receiving element which would destratify the dyes so 

30 that they would have improved light stability. It is another object of this invention to eliminate the need for 
thermal fusing or at least reduce the temperature at which thermal fusing takes place. 

These and other objects are achieved in accordance with this invention which comprises a dye- 
receiving element for thermal dye transfer comprising a support having thereon a dye image-receiving 
layer, characterized in that the dye image-receiving layer is coated with an overcoat layer comprising a 

35 condensation polymer comprising recurring units of a linear chain having at least four carbon atoms, the 
overcoat layer having a Tg of at least 40 ' C less than the Tg of the dye image-receiving layer. 

It is believed that by overcoating the dye image-receiving layer in accordance with this invention with a 
thin, more permeable polymer than the dye image-receiving layer polymer, the transferred dyes are able to 
diffuse further away from the surface of the receiver. In addition, the distance between dye molecules is 

40 increased. 

Not all of the transferred dye diffuses into the dye image-receiving layer. Some of the dye may remain 
in the overcoat layer. 

In a preferred embodiment of the invention, the condensation polymer is a polyester such as 
polycaprolactone. a polycarbonate or poly(butylene adipate). In another preferred embodiment of the • 
45 invention, the condensation polymer is a polyurethane. 

If the Tg of the overcoat layer is not at least 40 * less than the Tg of the dye image-receiving layer, or 
the linear chain of the condensation polymer does not have at least four carbon atoms, then the . ^ 

improvement In dye stability is not obtained, as will be shown by comparative tests hereinafter. In addition, 
if the overcoat layer blends substantially into the dye image-receiving layer so that it loses its discrete 
so identity as an overcoat layer, then the advantages of the invention may not be obtained. 

The overcoat layer may be present in any amount which is effectiv for the intended purpose. In 
general, good results have been obtained at a concentration of from 0.01 to 2.0 g/m^. preferably from 0.1 to 
0.5 g/m2. 

The dye image-receiving layer of the dye-receiver of tiie invention may comprise, for example poly- 
(teti-amethylbisphenol-A-azeloate). poly(octamethylene-(5-carboxy-1 ,3.3-trimettiylindane-1 -(phenyl-4-carbox- 

2 
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ylate))). 




poly 



(pentamethy (ene-(5-carboxy-1 .3.3-trimethy|jndane-1 -{pheny M-carboxylate))), poly(viny i alcohol-co-benzal). 
poly(phenoxyethyl acrylate-co-acrylonitrile), poly(phenoxyethyl acrylate-co-methyl methacrylate, poly- 
(styrene-co-epoxymethyl acrylate). poly(styrene-co-acrylonitrile-co-(1 -methoxy-1 -carboxymethyl)N-methyl 
acrylamide. po(y(1 .3-bis(p-hydroxycumyl)ben2ene-2.5-dimethylterephthalate). poly(bisphenol A-2.5-dimethyl- 
terephthalate). poiy(bisphenoi A-(5-carboxy-1 ,3.3-trimethylindane-1-(phenyi-4-carboxylate))), poly(ethylene- 
(5-carboxy-1.3,3-trinrtethylindane-1-(pheny|.4-carboxyl^te))). poly(ethylene-co-ethanol-2.2'-((hexahydro-4.7- 
methanolindon-5-y(idyne)-bis(p-phenyleneoxy))terephthalate>, poly((po(ystyrene)acrylate-co-acrylonltrjle). 
poly(styrene-co-acrylonitrile-co-divinylben2ene). poly((methoxyben2yl)-oxymethylstyren8-co-styrene). po(y(- 
(methoxybenzyO-oxymethylstyrene-co-ethyl methacrylate), poly((methoxyben2yl)-oxymethylstyrene)-co- 
methyl methacrylate). poly(styrene-co-(chloroethylsulfonylmethyl)-styrene), poly(styrene-co-acrylonitrlle), 
poly(caprolactone). a polycarbonate, a polyurethane, a polyester, a poly(vinylchloride), or mixtures thereof. 
The dye image-receiving layer may be present in any amount which is effective for the intended purpose. 
In general, good results have been obtained at a concentration of from 1 to 5 g/m^. 

In a preferred embodiment of the invention, the dye image-receiving layer is a polycarbonate. The term 
"polycarbonate" as used herein means a polyester of carbonic acid and glycol or a divalent phenol. 
Examples of such glycols or divalent phenols are p-xylylene glycol. 2.2-bis(4-oxy-phenyl)propane, bis(4- 
oxyphenyOmethane. l,1-bls(4-oxyphenyl)ethane, 1.1-bis(oxyphenyl)butane, 1,1-bis(oxyphenyl)cyclohexane. 
2.2-bis(oxyphenyl)butane, etc. 

In another preferred embodiment of the Invention, the polycarbonate dye image-receiving layer is a 
bisphenol-A polycarbonate having a number average molecular weight of a least 25,000. In still another 
preferred embodiment of the invention, the bisphenol-A polycarbonate comprises recunring units having the 
formula: 



wherein n is from 100 to 500. 

Examples of such polycarbonates include General Electric Lexan® Polycarbonate Resin #ML-4735 
(Number average molecular weight app. 36.000). and Bayer AG Makrolon #5705® (Number average 
molecular weight app. 58.000). The later material has a Tg of 150' C. 

Specific polymers which can be used in this invention include the following: 



Polyesters 



Polycaprolactone 





0 

il 



— C(CH,) 



Tone PCL— 700* Union Carbide 





Tone PCL— 3000 Union Carbide 



n s 100 



T 



= -71«»C 



g 
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Poiy(butylene adipate) 




0 
11 



(CH2)4-C-<HCH2^ 



n s 2S>S00 



T s -68«C 
9 



Polyester 1 : A polyester derived from bisphenol-A and azetaic acid: 



JS 



20 




0 

(CH2)7-C-.0— ^ 



n s 15-300 



T s 39*»C 



25 



Polyester 2: A copolyester derived from bisphenol-A. 1 .5-pentanedioi, and azelaic acid: 



30 



3S 



/Q O 
/ II II 

4— c(CH5)_-c-a 

V ^ ' / 10001% 



m.ui. 20,000-100,000 



50rn% 



50cn% 



40 



T s 20«C 
9 



Polyester 3: A copolyester derived from bisphenol-A. 1 ,6-hexanedtol, and azelaic acid: 



45 



so 




0 O 

II It 
C (CH 2)7-0-0- 



100ni% 



<*""*).-C(CH3)2-<* *)-o)- 
^•^•^ ^ ^ 2 /50in% 



50m% 



55 



m.ui. 20,000-120,000 



T =s 15*C 

g 
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Polyester 4: Poly{pentamethylene-{5-carboxy-1 ,3,3-trimethylindane-1 -(phenyl-4-carboxylate))) 



70 ^ ^ 



n = 15-300 T = 103^C 

9 



15 

Polyester 5: Poly(hexamethy lene-(5-carboxy-1 ,3,3-trimethylindane- 1 -(phenyi-4-carboxy late))) 



as ^a^'^^a 



30 



n = 15-300 T s= 89<»C 

9 



Polyester 6: Poly(octaniethylene-(5-carboxy-1 .3,3-trimethyllndane-1 -(phenyl-4-carboxylate))) 



% / \ / 



n = 15-300 T = 780C 

g 



45 



Polycarbonates 



50 



55 
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Polycarbonate 1: A copolycarbonate derived from bisphenol-A. 1,5-pentanediol. and carbonic acid: 




100m% 



r / SOm% 



10 



m.ui, ^ 20,000-100,000 



T ^ 65^0 



rs 



Polycarbonate 2: A copolycarbonate derived from bisphenol-A. 1 .9-nonanediol, and carbonic acid: 



20 



100(n% 



25 



/50m% 



^50m% 

m.uj. ~ 20,000-100,000 



T = 24<»C 
9 
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Polyurethanes 



35 Poly urethane 1 : poiy(iminocarbonyioxy- 1 .4-pheny leneisopropyildene- 1 ,4-pheny lene-oxycarbonylimi- 
nopentamethylene) 



40 



CH^ O O 

-0-^(^ ^♦-0-C-N-(CH2) g-NH-C- 



H 



45 



n = 15-300 



50 



55 



BNSOOCIO: <EP p295485A2_l_> 



6 



^ EP 0 295 485 A2 

Polyurethane 2: a polyurethane derived from bisphenol-A and hexamethylene diisocyanate 




C-NH (CHj) g-NHC-O— ^ /—^ (^"3 5 2"^\ /•"^ 
,0 n =r 15-300 Tg = 33^C 



Polyurethane 3: a polyurethane derived from 1 ,6-hexanediol and 4,4 -methylenebis-(cyclohexylisocyanate) 



20 



as 



30 





0 O 
C-NH-*^ S /•-CHj-^ S ^•-NHC-0-(CH2)6-0- 



n = 15-300 T = 43<»C 

9 



Polyurethane 4: a polyether urethane derived from 1 ,4-butanediol and 4.4'-methylenebis- 
(cyclohexylisocyanate) 




0 O 

C-|VJH-*(^ S ^— CHj-^C^ S ^•-NHC-O—eCHgCH 2-0^4- 

n = 15-300 T = 21^C 

40 g 

The support for the dye-receiving element of the invention may be a transparent film such as a poly- 
(ether sulfone). a polyimide, a cellulose ester such as cellulose acetate, a poly(vinyl alcohol-co-acetal) or a 
45 poly(ethylene terephthalate). The support for the dye-receiving element may also be reflective such as 
baryta-coated paper, polyethylene-coated paper, white polyester (polyester with white pigment incorporated 
therein), an ivory paper, a condenser paper or a synthetic paper such as duPont Tyvek®. In a preferred 
embodiment, polyethylene-coated paper is employed. It may be employed at any thickness desired, usually 
from 50 um to 1000 am. 

so A dye-donor element that is used with the dye-receiving element of the invention comprises a support 
having thereon a dye layer. Any dye can be used in such a layer provided it is transferable to the dye 
image-receiving layer of the dye-receiving element of the invention by the action of heat. Especially good 
results have been obtained with sublimabie dyes such as 

55 



7 



BNSOOCIO: <EP_0205485A2J^ 



10 



75 



J- 



EP 0 295 485 A2 

S^^i-N=N-«^ ^♦-NCCjHg) (CH^CgHg) (magenta) 



NHCOCH. 



^ \ y \ ,i*-ftj-c,H_ 
T II ;»=CH-CH=< ° * (yellow) 



CH^ ^ ^ 



O 
II 



^CONHCH, 



i U 11 (cyan) 



25 \ / "^"2'*5^2 



or any of the dyes disclosed in U.S. Patent 4,541.830. The above dyes may be employed singly or in 
combination to obtain a monochrome. The dyes may be used at a coverage of from 0.05 to 1 g/rrfi and are 

30 preferably hydrophobic. 

The dye in the dye-donor element is dispersed in a polymeric binder such as a cellulose derivative, 
e.g., cellulose acetate hydrogen phthalate. cellulose acetate, cellulose acetate propionate, cellulose acetate 
butyrate, cellulose triacetate; a polycarbonate: poly{styrene-co-acrylonitrile), a poly(sulfone) or a poly- 
(phenylene oxide). The binder may be used at a coverage of from 0.1 to 5 g/m^. 

35 The dye layer of the dye-donor element may be coated on the support or printed thereon by a printing 
technique such as a gravure process. 

Any material can be used as the support for the dye-donor element provided it is dimensionally stable 
and can withstand the heat of the thermal printing heads. Such materials include polyesters such as poly- 
(ethylene terephthalate); polyamides: polycarbonates: glassine paper: condenser paper; cellulose esters: 

40 fluorine polymers: polyethers; polyacetals: polyolefins: and polyimides. The support generally has a 
thickness of from 2 to 30 um. It may also be coated with a subbing layer, if desired. 

The reverse side of the dye-donor element may be coated with a slipping layer to prevent the printing 
head from sticking to the dye-donor element. Such a slipping layer would comprise a lubricating material 
such as a surface active agent, a liquid lubricant, a solid lubricant or mixtures thereof, with or without a 

46 polymeric binder. 

As noted above, dye-donor elements are used to form a dye transfer image. Such a process comprises 
imagewise-heating a dye^onor element and transferring a dye image to a dye-receiving element as 
described above to form the dye transfer image. 

The dye-donor element employed in certain embodiments of the Invention may be used in sheet form 
so or in a continuous roll or ribbon. If a continuous roll or ribbon is employed, it may have only one dye 
thereon or may have alternating areas of different dyes such as cyan, magenta, yellow, black, etc.. as 
disclosed in U. S. Patent 4.541 .830. 

In a preferred embodiment of the invention, a dye-donor element is employed which comprises a poly- 
(ethylene terephthalate) support coated with sequential repeating areas of cyan, magenta and yellow dye, 
55 and the above process steps are sequentially performed for each color to obtain a three-color dye transfer 
image. Of course, when the process is only performed for a single color, then a monochrome dye transfer 
Image is obtained. 

Thermal printing heads which can be used to transfer dye from the dye-donor elements employed in 
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if 

the invention are availabTe commercially. There can be employed, for example, a Fujitsu Thermal Head 
(FTP-040 MCS001). a TDK Thermal Head F415 HH7-1089 or a Rohm Thermal Head KE 2008-F3. 
A thermal dye transfer assemblage using the invention comprises 
a) a dye-donor element as described above, and 
5 b) a dye-receiving element as described above, the dye-receiving element being in a superposed 

relationship with the dye-donor element so that the dye layer of the donor element is in contact with the dye 
image-receiving layer of the receiving element 

The above assemblage comprising these two elements may be preassembled as an integral unit when 
a monochrome image is to be obtained. This may be done by temporarily adhering the two elements 
w together at their margins. After transfer, the dye-receiving element is then peeled apart to reveal the dye 
transfer image. 

When a three-color image is to be obtained, the above assemblage Is formed on three occasions during 
the time when heat is applied by the thermal printing head. After the first dye is transferred, the elements 
are peeled apart. A second dye-donor element (or another area of the donor element with a different dye 
IS area) is then brought in register with the dye-receiving element and the process repeated. The third color is 
obtained in the same manner. 

The following examples, are provided to illustrate the invention. 

The condensation polymers employed in the invention are prepared by established chemical tech- 
niques similar to the following: 



Preparative Examples 



25 

Preparation of Polyester 1 

To a stirred mixture of 4,4'-isopropylidene diphenol (22.8 g, 0.1 mole) and trimethylamine (22,3 g, 0.22 
mole) in methylene chloride (200 ml) at 10* C was added a solution of azelaoyi chloride (22.5 gr 0.1 mole) 
30 in methylene chloride (100 ml). The solution was stirred under nitrogen for 4 hours, during which 
triethylamine hydrochloride precipitated in a gelatinous form and the solution became viscous. The solution 
was then filtered and washed with dilute hydrochloric acid, 2% (100 ml) followed by water (3 x 2G0 ml). The 
solution was then poured into methanol with vigorous stirring, and a white fibrous polymer precipitated. The 
washed and dried polymer weighed 35.6 g (94%). polystyrene equivalent mw «74,000. 

35 

Preparation of Polyurethane 3 - 4,4'-methylene bis(cyclohexylisocyanate)-1 ,6-hexanediol 

To a one-liter three-necked round bottom flask equipped with stirrer, condenser and nitrogen inlet were 
40 added 1 .6-hexanediol (11.8 g. 0.1 mole), tetrahydrofuran (105. ml), and dibutyltin dilaurate (3 drops). The 
mixture was heated to 40'C and a solution of 4,4'-methylene bis(cyclohexylisocyanate) (26.2 g. 0.1 mole) 
in tetrahydrofuran (50 ml) was added dropwise with stirring. The temperature was increased to 70 'C and 
stirring was continued for 24 hours until less than 0,3% of the isocyanate remained. The reaction mixture 
was cooled, and the resulting polymer was isolated in distilled water, collected, and dried. The polymer 
45 consisted of 18 percent solids in tetrahydrofuran with a weight-average molecular weight of 57.000 and a Tg 
of 43'C. 



50 



Example 1 — Polyester and Polycarbonate Overcoat 



Dye-receivers were prepared by coating the following layers on a 175 um (7 mil) thick commercial 
paper stock consisting of 180 g/m^ mixture of hard wood-craft and soft wood-sulfite bleach pulp: 

(a) Pigmented polyethylene layer of total laydown 30 g/rrfi with approximately 12% by weight anatase 
titanium dioxide and 3% zinc oxide; 
55 (b) Subbing layer of poly(acrylonitrlle-co-vinylidene chloride-co-acrylic acid (14:79:7 wt ratio) (0.05 

g/m^) coated from 2-butanone; 
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(c) Dye-receiving layer of Makrolon 5705® polycarbonate (Bayer AG) (2.9 g/m^). and 1 ,4-dldecoxy- 
2,5-dinnethoxybenzene (0.38 g/nfi) coated from a dichloromethane and trichioroethylene solvent mixture: 
and 

(d) Overcoat layer of the polymer identified in Table 1 at the indicated coverage and 3M Corp. FC- 
5 431® surfactant (0.016 g/m^) coated from either dichloromethane or a toluene-methanol solvent mixture. 

An antistatic layer and anticurl layer of polyethylene were coated on the reverse side of the paper 
support. 

A cyan, magenta and yellow dye-donor element was prepared as follows. On one side of a 6 um poly* 
(ethylene terephthaiate) support, a subbing layer of a titanium ali<oxrde (duPont Tyzor TBT®) (81. mg/m^) 

to was Gravure-printed from a n-propyl acetate and i-butanol solvent mixture. On top of this layer were 
Gravure-printed repeating color patches of cyan, magenta and yellow dyes. The cyan coating contained the 
cyan dye illustrated above (0.28 g/m^) and cellulose acetate propionate (2.5% acetyl, 45% propionyl) binder 
(0.44 g/m^) from a toluene, methanol and cyciopentanone solvent mixture. The magenta coating contained 
the magenta dye illustrated above (0.15 g/m^) in the same binder as the cyan dye (0.32 g/m^). The yellow 

75 coating contained the yellow dye illustrated above (0.14 g/m^) in the same binder as the cyan dye (0.25 
g/m2). , 

On the reverse side of the dye-donor was coated a subbing layer of Bostik 7650® polyester (Emhart 
Corp.) (43. mg/m^) coated from a toluene and 3-pentanone solvent mixture and a slipping layer of duPont 
Zonyl UR® phosphate ester (66. mg/'m^) and 8YK-320® silicone polymer (BYK Chemie USA) (41 mg/m^) in 
20 a poly(styrene-co-acrylonitrile) (70:30 wt ratio) binder (0.22 g/rrfi) from a methanol and 3-pentanone solvent 
mixture. 

The dye-side of the dye-donor element strip 4 inches (10. cm) wide was placed in contact with the dye 
image-receiving layer of a dye-receiver element strip of the same width. The assemblage was fastened in a 
clamp on a rubber-roller of 2.22 in (56. 4 mm) diameter driven by a stepper motor. A TDK L231R Thermal 
25 Head was pressed at a force of 8 pounds (3.6 kg) against the dye-donor element side of the assemblage 
pushing it against the rubber roller. 

The imaging electronics were activated causing the device to draw the assemblage between the 
printing head and roller at 0.28 inches/sec (7. mm/sec). Coincidentally the resistive elements in the thermal 
print were heated. A '^Caucasian skin patch" image area having a Status A blue density of between 0.4 and 
30 0.7 and a green density of between 0.4 and 0.7 was generated using sequential printing from an area of the 
cyan, magenta and yellow dye-donor. The voltage supplied to the print-head for this image was approxi- 
mately 23.5v, representing approximately 1 .0 watts/dot (23. mjoules/plxel group) for neutral D-max areas. 
The ^^Tg was calculated using the Tg figures given above for the materials listed in Table 1 . 
The Status A blue density of the "Caucasian skin" patch was read and recorded. Each sample was then 
35 subjected to fading for 7 days, 50 kLux. 5400 * C. 32 * C, approximately 25% RH and the same area was re- 
read to calculate the percent density loss. The following results were obtained: 

Table 1 



Polymer Overcoat (g/m^) 


ATg 


Blue Density 


Initial 


% Density 
Loss 


None (Control) 




0.39 


62 


Polyester 1 (0.43 g/m^) 


111 *C 


0.35 


29 


Polycarbonate 1 (0.32 g/m^) 


85* C 


0.51 


43 


Polycarbonate 2 (0.32 g/m^) 


126' C 


0.55 


42 



The Tg of the polycarbonate dye image-receiving layer is 150' C. 



The above data show the effectiveness of overcoats of polymers of the invention to minimize yellow 
dye-density loss of a composite cyan, magenta, and yellow "caucasian-skin" image area. 

55 
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Example 2 — Polycaprolactone Overcoat 

Dye-receivers were prepared as described in Example 1 except overcoat layer (d) consisted of Tone 
PCL-700® polycaprolactone (Union Oarbide) and Tone PCL-300® polycaprolactone (Union Carbide) ( at the 
s indicated level in Table 2) and 3M Corp. FC-431® surfactant (0.16 g/m^) coated from a dichloromethane 
and trichloroethylene solvent mixture. 

A dye-donor element was prepared as in Example 1 and was processed as in Example l with the 
following results: 

Table 2 



Polycaprolactone Overcoat 
(g/m2) 




Blue Density 


initial 


% Density 
Loss 


None (control) 




0.60 


60 


Tone PCL-700 (0.43 g/m^) 


22rc 


0.66 


38 


Tone PCL-300 (0.21 g/m^) 


221* C 


0.64 


46 


Tone PCL-300 (0.42 g/m2) 


221* C 


0.63 


41 



'^^^ of the polycarbonate dye image-receiving layer is 150* C. 



25 



30 



35 



The data show the effectiveness of a polycaprolactone receiver layer overcoat for minimlzinq yellow 
dye density loss. 

Example 3 — Polyester Overcoat 

This Example is similar to Example 1 but used a variety of other polyesters of varying aliphatic carbon 
chain-length to show the specificity of overcoat polymer structure and Tg. 

Dye-receivers were prepared as described in Example 1 except that the overcoat layer (d) consisted of 
polyesters listed in Table 3 and 3M Corp. FC-431 surfactant (5.4 g/m^) coated from a methylene chloride 
solvent mixture. 

The following control polymers were also evaluated: 



40 



Control Polyester V. poly(dimethylene-(5-carboxy-1.3.3-trimethylindane-1-(pheny|.4<:arboxylate))) 





This polymer contains only a two carbon aliphatic segment. 



55 
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^ 

Control Polyester 2: Poly(bisphenol A-(5-carboxy-1 .3.3-trimethy lindane- l-{phenyl-4-carboxy late))) 

The structure is the same as control polyester 1. but with bisphenol-A replacing the ethylene glycol 
group. This polymer contains no aliphatic carbon segment 
Tg = 241* C 

A dye-donor element was prepared as in Example 1 and was processed as in Example i with the 
following results: 

Tables 



10 



IS 



20 



25 



Polymer Overcoat (g/m^) 


AT/C 


Blue Density 


Initial 


% Density 
Loss 


None (control) 




0.60 


60 


Control Polyester 1 (0.21 g/m^) 


12 


0.54 


69 


Control Polyester 2 (0.21 g/'m^) 


-91 


0.60 


70 


Polyester 1 (0.21 g/m^) 


111 


0.75 


51 


Polyester 2 (0.21 g/m^) 


130 


0.57 


51 


Polyester 3 (0.21 g/m^) 


135 


0.49 


53 


Polyester 4 (0,21 g/m^) 


47 


0.64 


50 


Polyester 5 (0.21 g/m^) 


61 


0.70 


44 


Polyester 6 (0.21 g/m^) 


72 


0.69 


46 


Poly(butylene adipate) (0.21 g/m^) 


218 


0.59 


53 



"The Tg of the polycarbonate dye image-receiving layer is 150* C. 

The above data show the necessity of having an aliphatic chain of at least four carbon atoms and a Tg 
of the overcoat polymer at least 40 * C less than the Tg of the dye image-receiving layer polymer to show 
beneficial dye stability improvements. 



Example 4 

This example shows that the overcoat polymers of the invention should not be mixed with the receiver 
polymers and that a separate discrete overcoat layer is required above the receiver layer to obtain optimum 
dye stabiiity. 

A) A dye-receiving element was prepared as in Example 1 except that the subbing layer (b) was 
coated at 0.08 g/m^. On lop of that layer was coated the following dye image-receiving layer: Makrolon 
5705® polycarbonate (Bayer AG) ( 2.9 g/m^). i ,4-didecoxy-2,5-dimethoxybenzene (0.38 g/m^) and 3M Corp. 
FC-431® surfactant (0.016 g/m^) coated from dichloromethane solvent. 

B) Another dye-receiving element was prepared similar to A) except that it also contained Union 
Carbide Tone PCL-300® polycaprolactone (0.87 g/m^) and Makrolon 5705® polycarbonate at 2.03 g/m^. 

C) Dye-receiving elements according to the invention were prepared by overcoating A) with the 
following layer: Union Carbide Tone PCL-300® polycaprolactone in the concentration listed in Table 4 below 
and 3M Corp. FC-431® surfactant (0.05 g/m^) coated from dichloromethane solvent. 

A dye-donor was prepared as in Example 1 and processing was performed as in Example 1 except that 
the transferred images were fused by passage of the receiver through a set of rollers heated to 100* C. (this 
will change the absolute but not the relative values for dye light stability). The following results were 
obtained: 
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Table 4 



Receiver 
Element 


Polymer Overcoat (g/m^) 


Blue Density 


Initial 


% Density 
Loss 


A 


None (control) 


0.62 


53 


B 


None (control) 


0.61 


51 


C 


Poiycaprolactone (0.01 ) 


0.42 


45 


C 


Polycaprolactone (0.05) 


0.60 


28 


c 


Poiycaprolactone (0.11) 


0.41 


24 


c 


Polycaprolactone (0.22) 


0.51 


12 


c 


Polycaprolactone (0.32) 


0.67 


13 



The above results indicate that a discrete overcoat layer is required and that as little as 0.01 g/m^ 
overcoat polymer is effective in improving dye light stability with greater improvements occurring as the 
amount of the polymer layer is increased. 



Example 5 — Polyurethane Overcoat 

This Example is similar to Example 1 but used a variety of polyurethanes. 

Dye-receivers were prepared as described in Example 1 except that the overcoat layer (d) consisted of 
polyurethanes listed in table 5 coated from a dichloromethane and trichloroethylene solvent mixture. 

A dye-donor element was prepared as in Example 1 and was processed as in Example t with the 
following results: 

Table 5 



Polymer Overcoat (g/m^) 




Blue Density 


Initial 


% Density 
Loss 


None (control)' 




0.58 


53 


Control Polyester 1 (0.22 g/m^) 


12 


0.56 


59 


Control Polyester 1 (0.43 g/m^) 


12 


0.61 


61 


Polyurethane 2 (0.22 g/m^) 


117 


0.51 


37 


Polyurethane 2 (0.22 g/m^) 


117 


0.58 


38 


Polyurethane 2 (0.43 g/m^) 


117 


0.54 


26 


Polyurethane 2 (0.43 g/m^) 


117 


0.67 


22 


None (control) 




0.55 


62 


Polyurethane 3 (0.22 g/m^) 


107 


0.64 


51 


Polyurethane 4 (0.22 g/m^) 


129 


0.62 


53 



•Contained a thin overcoat of Dow-Corning DC-510® Silicone Fluid (0.016 g/m^) 
coated from methylene chloride. 

"The Tg of the polycarbonate dye image-receiving layer is 150* C. 



The above data show the effectiveness of the polyurethane overcoats to minimize yellow dye-density 
loss of a composite cyan, magenta, and yellow "Caucasian skin" image area. 

The term Tg as used herein is the glass transition temperature (phase change) of a polymer as defined 
in Polymer Handbook, 2nd ed.» Brandrup and Immergut. Wiley Interscience, 1975. p. lil-140. 
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Claims 



1 . A dye-receiving element comprising a support having thereon a thermally-transferred dye image in a 
dye image-receiving layer, characterized in that said dye image-receiving layer is coated with an overcoat 

5 layer comprising a condensation polymer comprising recurring units of a linear chain having at least four 
carbon atoms, said overcoat layer having a Tg of at least 40* C less than the Tg of said dye image-receiving 
layer. 

2. The element of Claim 1 characterized in that said condensation polymer is a polyester. 

3. The element of Claim 2 characterized in that said polyester is polycaprolactone, 

70 4. The element of Claim 2 characterized in that said polyester is poly(butylene adipate). 

5. The element of Claim 2 characterized in that said polyester is a polycarbonate. 

6. The element of Claim 1 characterized in that said condensation polymer is a polyurethane. 

7. The element of Claim 1 characterized in that said dye image-receiving layer is a bisphenol-A 
polycarbonate having a number average molecular weight of at least 25.000. 

75 8. The element of Claim 7 characterized in that said bisphenol-A polycarbonate comprises recurring 
units having the formula: 



wherein n is from 100 to 500. 

9. The element of Claim 1 characterized in that said support is paper. 
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